The South China Block (SCB) is comprised of the Yangtze Block to the northwest and the Cathaysia Block to the southeast. The Yangtze Block is characterized by Meso-Neoarchean crystalline basement in the Kongling terrain and widespread Neoproterozoic magmatic rocks in the periphery of the block [1] [2] [3] [4] [5] [6] [7] [8] . In the Cathaysia Block, the old basement rocks include Paleoproterozoic granites and late Neoarchean metamorphic rocks of the Badu Group [9] [10] [11] [12] , with minor Neoproterozoic magmatic rocks in the Wuyishan area [13] [14] [15] . Notably, the Cathaysia Block experienced three episodes of intense Phanerozoic granitic magmatism: early Paleozoic (Caledonian), early Mesozoic (Indosinian) and late Mesozoic (Yanshanian) [16] . Although the late Paleozoic (Hercynian) magmatism was reported previously [17] [18] [19] , little attention was paid due to lack of accurate dating results. In the past few years, some Permian granitic and alkaline magmatism (287-262 Ma) and metamorphism have been identified in Hainan Island and Luoding area of Guangdong Province [20] [21] [22] [23] . Li et al. [20] interpreted that ~265 Ma granitic magmatism in Hainan Island was induced by the subduction of the Paleo-Pacific ocean plate beneath the SCB. By contrast, Xie et al. [21] argued that ~272 Ma shoshonitic intrusive rocks in Hainan Island were generated in the early stage of a post-collisional event. They related it to the amalgamation of the SCB with the Indochina-South China Sea plate during the convergence of the late Paleozoic Pangea supercontinent. Recently, 340-280 Ma detrital zircons were found in late Paleozoic sedimentary rocks in the SCB [24, 25] , stimulating interest in the late Paleozoic tectonics and magmatism. However, the sedimentary provenances of detrital zircons and the nature of their host magma are very difficult to decipher. Therefore, the geological significance of these zircons remains controversial.
This study determines a Late Carboniferous granitoid in the Wufenglou village, Zhouning County of Fujian Province, which throws light on the characteristics of the late Paleozoic magmatism in the SCB and its relationship with the late Paleozoic Pangea supercontinent.
Geological background and sample description
The coastal region of the SCB can be divided into three parts by the NE-striking Zhenghe-Dabu and ChangleNan'ao faults (Figure 1(a) ). The Caledonian fold belt is located to the west of the Zhenghe-Dabu fault, containing Precambrian basement rocks, early Paleozoic sedimentary rocks and Caledonian granites, whereas late Mesozoic granites, volcanic and sedimentary rocks are dominant to the east of the fault. The Changle-Nan'ao fault along the coastline of Fujian Province separates the Pingtan-Dongshan metamorphic belt in the east from the inland Mesozoic igneous belt [26] . However, some high-grade metamorphic rocks and Paleozoic sedimentary rocks are sparsely exposed as inliers to the east of the Zhenghe-Dabu fault. It is worthy to note that these inliers are confined to the west of the Fu'an-Nanjing fault (Figure 1(a) ). Although the Fu'anNanjing fault have not been clearly recognized due to the extensive covering of Mesozoic volcanic rocks, geophysical data show sharp gradients of bouguer gravity and aeromagnetic anomalies along the Fu'an-Nanjing fault [27] . Thus, the Fu'an-Nanjing fault is probably an important tectonic boundary constraining the distribution of old basement.
A fresh granitic gneiss sample was collected near the Wufenglou village, Zhouning County of Fujian Province, to the east of the Zhenghe-Dabu fault (Figure 1 ). In the 1:250000 geological map of Fuzhou region 1) , these metamorphic rocks sporadically outcropping in the study area are classified as the late Neoproterozoic Longbeixi Formation. The outcrop covers approximately 2.3 km 2 around the Wufenglou village, hosted by Early Cretaceous Makeng granite. The Makeng granite intrudes into Late Jurassic to Early Cretaceous volcanic rocks (the Nanyuan Formation) and is overlaid by Early Cretaceous volcanic rocks of the Zhaixia Formation. Many exposed gneisses have suffered intense weathering.
Sample FN10-5-2 is a biotite-rich granitic gneiss with porphyroclastic texture (Figure 2 ), suggesting that it underwent brittle-ductile deformation. Quartz grains show static recrystallization, and the elongated contours of their finegrained aggregates indicate ductile-shear deformation. Biotite grains are also fine-grained, and K-feldspar and minor plagioclase grains show brittle cracking (Figure 2(b) ). Major element contents were analyzed using an ARL 9800XP+ X-ray fluorescence spectrometer (XRF) at the Centre of Modern Analysis, Nanjing University. Sample MgO of 1.74%, CaO of 2.07%, Na 
U-Pb ages and Hf-isotope compositions of zircons
Zircon grains from the sample FN10-5-2 are prismatic to stubby prismatic, colorless to light grey, and transparent with no inclusions. They have prism faces of {110} = {100}, and pyramid faces of {101} = {211} or {101} < {211}. Most zircons display oscillatory zoning in CL images ( . Th/U ratios of these zircons range from 0.13 to 0.81 with a mean of 0.34, also suggesting a magmatic genesis. CL imaging, LA-ICPMS U-Pb dating and MC-ICPMS Hf-isotope analyses of zircons were carried out at GEMOC National Key Centre, Macquarie University, Australia. Detailed analyses procedures and corrections are referred to papers [12, 28, 29] . Nineteen analyzed zircons have similar ages (Table 1 ). Seventeen zircons with ages ranging from 326 to 301 Ma yield a weighted average 206 Pb/ 238 U age of 313±4 Ma (MSWD = 1.5) (Figure 4 ), which represents the intrusive age of this gneissic granite. One grain with the youngest age of 285 Ma has abnormally low Th and U contents and large analytical error, whereas the older age of 334 Ma from another grain is probably due to the minor mixing of its inherited core during laser ablation.
MC Table 2 ). The results suggest that the host magma of these zircons probably derived from the late Paleoproterozoic crust [12, 14] .
Discussion and conclusions
Due to late metamorphism and deformation, the petrography of this granitic gneiss cannot be used directly to infer Figure 5 ). Hu et al. [24] proposed that the detrital zircons probably originated from the northeastern Cathaysia Block and recorded the late Paleozoic magmatism in the continental rifting setting. However, the lack of direct geochemical and isotope evidence of protolith hampers them to exclude an alternative scenario that the late Paleozoic magmatism occurred in the continental arc environment related to the oceanic subduction. Recently, Li et al. [25] determined late Paleozoic (~280 Ma) and early Paleozoic (~370 Ma) detrital zircons from Permian sedimentary rocks in Shaoguan, Leiyang, Ji'an and Yongding areas in the SCB ( Figure 5 ). They attributed the ~280 Ma magmatism as an Early Permian active continental margin in southeastern China due to subduction of the Paleo-Pacific plate. However, it is well established that both oceanic arc and continental arc are characterized by the relative depletion of high field strength elements (HFSE) [30] . Consequently, element Zr is undersaturated in primary arc-type melts and thus zircon is not able to crystallize from them [30] . Thus, detrital zircons with the U-Pb age of late Paleozoic would not come from the primary arc magmas, but derive from secondary arc-derived magmas due to remelting of arc-type rocks in which Zr becomes saturated to crystallize zircon [31] .
Late Paleozoic detrital zircons from the Fuding Permian sedimentary rocks in Fujian Province have negative  Hf (t) values (19.9 to 3.1, Figure 6 ), suggesting that these zircons probably came from S-type granitic rocks. It is consistent with the discovery of the Wufenglou gneissic S-type granite. S-type granites are generally considered to be generated in the intraplate orogeny and continental collisional orogeny [32] [33] [34] [35] [36] [37] [38] [39] . Hence, the identification of Late Carboniferous S-type granite, coupled with the absence of coeval basaltic and andesitic magmatism in the SCB, can primarily exclude that the late Paleozoic magmatism took place in the subduction-related arc setting. In fact, the early Paleozoic (Caledonian) and the early Mesozoic (Indosinian) magmatism are also characterized by predominant S-type granites with little volcanism, sharing typical tectonic characteristics of intraplate orogeny and continental collisional orogeny [40] [41] [42] [43] [44] . Early Permian (~280 Ma) detrital zircons reported by Li et al. [25] have younger ages, and positive  Hf (t) values (Figure 6 ), distinguishable from the magmatic zircons of the Wufenglou granite and the Fuding detrital zircons [24] . Therefore, Early Permian magmatism probably involves the input of juvenile materials, which is different from Late Carboniferous magmatism.
Volcanic rock interbeds in Permian sedimentary rocks were found in many places of the SCB [45] [46] [47] [48] [49] . Permian basaltic volcanic rocks, including pillow basalts and spilite, Figure 6 Hf-isotope compositions of zircons from the Wufenglou gneissic granite. Other data source: Fuding from [24] ; Ji'an, Leiyang and Yongding from [25] .
were found in the western Cathaysia Block [50] . In addition, alkaline rocks with ages of 287-272 Ma were discovered in Hainan Island [21] , coincident with detrital zircons reported by Li et al. [25] . These rocks were mainly generated in the extensional tectonic setting. Furthermore, Permian sedimentary basins in the SCB are intracontinental fault basins or rifting basins [51] [52] [53] . Paleogeographic reconstruction shows that the coastal region of Zhejiang-Fujian Province was an "old land" during Late Devonian to Late Carboniferous, and the entire SCB was covered by seawater in Early Permian [54] [55] [56] . Because Early Permian is regarded as global icehouse period [57] [58] [59] , extensive marine sedimentation in the SCB during this period should result from the regional subsidence of a continental margin by tectonics rather than by the increase of the global sea level. All above evidence demonstrates that the SCB was subjected to an extensional tectonic setting during the Early Permian. In the extension environment, the upwelling mantle flow would induce the partial melting of the lower crust to generate volcanism [45] [46] [47] [48] [49] as well as the eruption of lithospheric mantle-derived basaltic magma [50] . Hence, Early Permian magmatism in the SCB is characterized by volcanism in the extensional setting, and partial melting of the juvenile crust would produce the Zr-saturated magma [30, 31] , consistent with positive  Hf (t) values of most ~280 Ma zircons [25] .
Therefore, we propose that the eastern SCB experienced a late Paleozoic orogenic cycle from Late Carboniferous (340-310 Ma) orogenic (compression) episode to Early Permian (287-270 Ma) post-orogenic or intraplate extension episode. Therefore, late Paleozoic igneous rocks were induced under intraplate orogeny rather than arc-related tectonic setting.
This late Paleozoic orogeny mainly occurred in the eastern South China. The reason that it was not recognized before can be due to voluminous late Mesozoic volcanic rocks in the eastern SCB. Another possible reason is that the orogenic belt has been severely eroded. Paleogeographic reconstruction shows the eastern South China has experienced a tectonic uplifting since the late Early Permian, which may cause the extensive erosion of the orogen and westward Paleo-waterflow [25, 55, 56] and provide massive clastic materials to the inland basins (e.g. Shaoguan, Leiyang, Ji'an and Yongding areas). The Wufenglou gneissic granite with a U-Pb age of ~313 Ma is the direct evidence for the existence of the late Paleozoic orogen in the eastern South China.
The late Paleozoic orogeny in the eastern SCB is coincident with the significant Hercynian magmatism in Europe and assembly-breakup orogeny of the late Paleozoic Pangea supercontinent. The distribution and nature of the late Paleozoic orogen in the eastern SCB and its relationship with the Pangea supercontinent need further study. 
